The presence of ,6-and y-carotenes, lycopene, violaxanthin and rubixanthin in Calendula officinalie (pot marigold) has already been reported in the early investigations of Zechmeister & Cholnoky (1932) and Kuhn & Grundmann (1934) ; lycopene was absent from the very yellow varieties (Zechmeister & Cholnoky, 1932) . Preliminary tests on the petals of a variety of C. officincli8 producing very rich dark orange flowers showed that they contained a complex mixture of carotenoids including some which had not previously been reported. The investigation was therefore continued in greater detail.
EXPERIMENTAL
Materials. Fully opened flowers were gathered from a garden in north-west Cheshire. The seeds were obtained from Messrs Elsoms, Ltd., Spalding.
Extraction of pigments. The flower petals were removed from the calyx, placed in a Waring Blendor, covered with acetone and blended for 2 min. Most of the acetone extract was decanted, and the remainder removed from the residue by filtration through a sintered glass funnel. The residue was then returned to the Blendor and extracted again with acetone. This procedure was repeated until all the pigments had been extracted. The acetone extracts were combined and an equal volume of ether was added, followed by water (slowly) until two layers formed. The carotenoids passed quantitatively into the ether layer and the water-soluble pigments (flavones, etc.) remained in the lower layer, which was discarded. The ether layer was washed twice with small quantities of water to remove acetone, dried (Na2SO,), filtered, and the solvent removed in vacuo at room temperature. The residue was dissolved in light petroleum (light petroleum b.p. 40-60°was used throughout this investigation) and subjected to chromatographic analysis.
Chromatography and identification of pigments
The pigments were separated by column chromatography on either activated alumina (grade '0', P. Spence and Co., Widnes), deactivated alumina made by treating grade '0' with methanol (Goodwin & Srisukh, 1949) , or by an appropriate mixture of the two.
The well authenticated carotenoids were identified (a) by their relative positions on the column when chromatographed under the standardized conditions used in this laboratory, and (b) by the shape and location of their absorption spectra (Goodwin, 1952 a, b, 1953, and unpublished observations) . These two criteria can generally give unambiguous identification; cases where any possible ambiguity exists are emphasized in discussing the results obtained.
Two main chromatographic separations of the carotenoids of C. officinalis were carried out; the first on deactivated alumina (separation 1) and the second on a mixture of 3 parts activated and 2 parts deactivated alumina (separation 2). The resolution obtained on the first chromatogram is given in Table 1 . Fraction 1 which ran straight through the column of weakened alumina and consisted of a mixture of hydrocarbons was resolved on the more active alumina,resulting inthe separation of thecomponents listed in Table 2 . Porter & Zscheile (1946) .
Fractions 1 E, 1 F and 1 G, which originally were not well separated, were combined and rechromatographed on activated alumina (see Table 3 ). The main pigment is ycarotene, accompanied by small amounts of lycopene and neolycopene.
Fraction 1 H was rechromatographed on strong alumina but was essentially homogeneous, only traces ofneolycopene being present. It is probably prolycopene I (Zechmeister & Pinckard, 1947 Fraction 2 from its chromatographic behaviour and the shape and position of its absorption spectrum, is a pigment not previously described; fraction 3 appears to be a cis isomer offraction 2 because its spectrum has the same shape but the maxima have been shifted slightly to a lower wavelength. Similarly, fraction 5, characterized by a spectrum very similar to that of (-carotene, but adsorbed above instead of below lycopene, is flavochrome (Karrer & Jucker, 1950; Goodwin, 1952c) .
Fraction 6 has the adsorption properties and the position of its main absorption band very similar to those of rubixanthin (Kuhn & Grundmann, 1934) ; its subsidiary bands were, however merely inflexions and not true bands, whilst those of rubixanthin are well marked and indistinguishable from that of the parent y-carotene (Mackinney, 1935; Goodwin, unpublished 
observations).
Fraction 7 has properties similar to those of flavochrome but with its absorption bands at slightly higher wavelengths and with a slightly greater adsorptive power than flavochrome; it is probably mutatochrome.
Fraction 8 was a mixture containing mostly fraction 7 (mutatochrome), together with small amounts of a pigment with at least one absorption band at a lower wavelength than the lowest of mutatochrome (402 m,.). Persistent efforts to purify this fraction were not successful, but the spectrum of the best fraction obtained strongly suggested that the pure pigment would probably be aurochrome.
Fractions 9-14 (zanthophyUl containing more than one oxygen grouping). Fraction 9 was identified in the usual way as lutein; Fractions 10-12 spread on the column and do not separate cleanly. They have the characteristic adsorption properties and absorption spectrum of flavoxanthin and chrysanthemaxanthin. These pigments are extremely difficult to separate (Karrer & Jucker, 1950) and from the spread of these fractions one can only conclude that both pigments are probably present. Fraction 13 is a small band with an indeterminate spectrum and appears to be a carotenoid degradation product, whilst the final zone (14), although not pure, exhibited a spectrum which suggests that it might contain small amounts of neoxanthin.
Quantitative determination of pigments. The amounts of each pigment present were determined by measuring the E (at A.,s) of each fraction dissolved in a known volume of light petroleum and comparing it with the known El % values (at )..) of the pure pigment (Goodwin, 1952a-c 
RESULTS

Polyene hydrocarbons
The following polyene hydrocarbons have been identified in the petals of C. officinalis: phytofluene, ,-carotene, y-carotene, pigment X, C-carotene, and lycopene. The phytofluene fraction (1 B, Table 2 ) was resolved into two polyenes with very similar absorption spectra. The lower adsorbed fraction is phytofluene whilst that adsorbed above this fraction is trans-phytofluene. The recent work of trans-phytofluene occurs naturally or is an artifact, for it can be formed from ci8-phytofluene by very gentle treatment .
Similarly, about 30 % of the lycopene isolated was in the form of a cis isomer, neolycopene A, and again this is so easily produced from the all-tranm form that it is probably an artifact. On the other hand, Fraction 1 G which is probably prolycopene I, (a poly-cis-lycopene) cannot be an artifact, for it is not possible to detect poly-cis-lycopenes in heat-or iodine-isomerized lycopene solutions ).
This appears to be the first occasion on which pigment X has been observed naturally; it was first found in cultures of Phycomyce8 blakesleeanu8 grown on media containing diphenylamine: it is not produced by this organism on normnal media (Goodwin & Osman, 1953) . It is separable from a-carotene only with difficulty; its absorption spectrum is recorded in Fig. 1 .
XanthophyUs
The following xanthophylls have been identified: flavochrome, mutatochrome, lutein, and probably both flavoxanthin and chrysanthemaxanthin. Traces of aurochrome and neoxanthin are probably also present. Fraction 2 (Table 3 ) cannot be identified with any known pigment; its absorption spectrum is recorded in Fig. 1. Fraction 6 , from the position of the absorption maximum of its main band and from its adsorptive power would appear to be rubixanthin (3-hydroxy-y-carotene) which has previously been reported in the petals of C. officinalis (Kuhn & Grundmann, 1934) . The essentially singlebanded spectrum of fraction 6, however (Fig. 1) , suggests a ketocarotenoid rather than a hydroxy-ycarotene; the latter, as stated previously, has a welldefined three-banded spectrum, indistinguishable from that of y-carotene. In this variety of C.
officinali8 it does appear that not rubixanthin but a closely related compound is produced.
Quantitative experiments
A quantitative separation of the pigments into xanthophylls and carotenes (including traces of the colourless polyenes) showed that each group represented about one-half of the total pigments present. The relative amounts ofthe components in these two main fractions are given in Tables 4 and 5 . Although there may be some variations in the relative amounts during the development of the petals, it is obvious that lycopene is the main carotene, and that flavoxanthin and chrysanthemaxanthin the main xanthophylls. DISCUSSION
The examination of C. officinali8 petals confirms two generalizations which have been made with regard to carotenoid distribution in petals (Goodwin, 1952c) ; (a) that 5:8-epoxides (flavochrome, mutatochrome, aurochrome, flavoxanthin and chrysanthemaxanthin) are widely distributed in petals in relatively large amounts and (b) that lutein, although present is not, as in green leaves, the major xanthophyll. Furthermore, the investigation adds emphasis to the recent observations made on berries (Goodwin, 1953, and unpublished observations) that when examined with the aid of present knowledge concerning separation and identification of trace carotenoids, the pigment mixture is found to be much more complex than was originally thought. This is mainly due to the fact that the pioneer investigators were mainly interested in isolating the major pigments in order to examine them chemically. The biological significance of these complex mixtures is at present quite obscure. The present investigation confirms the original observation of Zechmeister & Cholnoky (1932) and Kuhn & Grundmann (1934) on the major pigments present, except that violaxanthin was not detected and although a 'rubixanthin-like' pigment was observed, rubixanthin itself was not detected. These differences may be varietal. SUMMARY 1. The following hydrocarbon polyenes have been found in the petals of a 'dark' variety of Calendula officinali8 (pot marigold): phytofluene, ,-carotene, y-carotene, a-carotene and lycopene. Pigment X closely associated with C-carotene, was also present. A poly-ci8-lycopene was also present; it was probably prolycopene I.
2. The xanthophylls present were flavochrome, mutatochrome, lutein, flavoxanthin and chrysanthemaxanthin; traces of neoxanthin and aurochrome are also probably present. Two pigments were unidentified; pigment 6 was similar to, but not identical with rubixanthin.
3. The relative distribution of these pigments in the petals is recorded.
